Abstract Purpose Despite extensive evidence for the treatment effectiveness of interdisciplinary functional restoration (FR) for chronic disabling occupational musculoskeletal disorders (CDOMD), there is little documentation on the cost-effectiveness of early rehabilitation using FR. Methods A total of 1,119 CDOMD patients were classified according to duration of disability on FR entry, corresponding to early rehabilitation (ER: 4-8 months of disability, N = 373), intermediate duration (ID: 9-18 months, N = 373), and delayed rehabilitation (DR: [18 months, N = 373). Groups were matched on sex, age, ethnicity, and injured musculoskeletal region. One-year post-rehabilitation outcomes included return-to-work, work retention and healthcare utilization. Economic analyses included a cost-effectiveness analysis of the FR program, and estimation of the total cost-ofillness. Results At 1-year post-rehabilitation, all groups were comparable on return-to-work (overall 88 %), work retention (overall 80 %), and additional healthcare utilization (overall, 2.2 % of patients received re-operations/new surgeries, 2 visits to new healthcare provider). Savings of up to 64 % in medical costs, and up to 80 % in disability benefits and productivity losses was associated with the ER group. The cost of rehabilitation was also up to 56 % lower when administered early. Overall, ER resulted in estimated cost savings of up to 72 % (or almost $170,000 per claim). Conclusions Duration of disability does not negatively impact objective work or healthcare utilization outcomes following interdisciplinary FR. However, early rehabilitation is more likely to be a costeffective solution compared to cases that progress[8 months and receiving FR as a treatment of ''last resort''.
Introduction
In the United States, most patients with occupational injuries fall under the jurisdiction of some variety of state or federal workers' compensation (WC) systems. Although the vast majority of injured workers recover and resume productivity, a small but significant percentage of these patients remain chronically disabled [1] . Reviews of WC databases have indicated that as little as 7 % of these chronically disabled patients account for approximately 70 % of the annual costs to the WC system [2] [3] [4] . In addition to medical costs, the state and federal WC systems also cover indemnity benefits such as wage replacement, settlements for workplace injuries, and impairment benefits for any resulting permanent disability. Additionally, patients in occupational disability compensation systems have been noted for having persistently poor outcomes following standard treatment modalities (especially among patients receiving lumbar fusion surgeries), associated with the fact that acute lumbar injuries account for the highest percentage of acute musculoskeletal injuries becoming chronically disabling [5] [6] [7] [8] . Because all WC claims must involve pre-injury work, and patients unable to work are paid disability benefits (temporary total disability or TTD), the study of this unique component of the healthcare system allows documentation of objective socioeconomic outcomes, such as work status, healthcare utilization related to the claim, recurrent injuries after work return and financial costs of disability and lost productivity. For this reason, the present study deals exclusively with a cohort of chronic disabling occupational musculoskeletal disorders (CDOMDs), of which 75 % of the cohort have a compensable work-related injury with an active WC claim to the spinal region.
The prevailing theoretical models of pain and disability indicate that chronicity is associated with significant psychosocial barriers to recovery, poorer outcomes following standard care, and often require intensive multidisciplinary biopsychosocially-oriented treatment modalities to address the complex interaction of various physiological, psychological, and socioeconomic factors [9] [10] [11] . Additionally, these theoretical models clearly delineate stages or phases of pain and disability, and underscore the cost implications and treatment resistance of pain and disability that have progressed to chronic stages.
A prior study on the effectiveness of interdisciplinary rehabilitation using the functional restoration approach addressed the implications of the Krause & Ragland phase model of disability [11] that predicted significantly poorer treatment outcomes among patients with extended durations of disability. To test this model's assertion that patients beyond 18 months of disability would respond poorly to rehabilitation, Jordan et al. [12] compared a cohort of short-term disability patients (4-8 months duration) against two groups of patients with long-term disability (18-23 months and [24 months), all of whom received functional restoration for work-related spinal injuries between years 1990 and 1993. The results indicated statistically significant reductions in 1-year workrelated outcomes for the long-term disability groups. However, the magnitudes of outcome rates for the longterm disability were relatively comparable to the short-term disability group. For example, the long-term disability groups of 18-23 months and [24 months had return-towork rates of 80 % and 75 % respectively, relative to a 93 % return-to-work rate in the short-term disability group. Similar differences in magnitudes were observed for work retention at 1-year post-rehabilitation, with the long-term disability groups having retained work at 72 and 66 %, relative to the short-term disability group work retention rate of 80 %. Therefore, patients with extremely long durations of disability could still be rehabilitated with respectable success rates after completing a course of intensive, interdisciplinary rehabilitation, and these results are consistent with the documented effectiveness of the functional restoration model over the last three decades [13] [14] [15] . However, there has been very little research to date on the link between cost and outcomes for early as opposed to delayed rehabilitation for CDOMDs.
The present study was designed to investigate the value or cost-effectiveness of early interdisciplinary functional restoration (FR) for CDOMDs, once a normal healing period has passed and a CDOMD is established (4-month threshold). Early FR will be compared with FR received during an intermediate duration of 9-18 months post-injury and delayed FR at more than 18 months post-injury. The study utilized matched groups of patients who received functional restoration for CDOMDs following a WC injury claim. Extensive demographic, economic and post-treatment outcome information were obtained from patients, employers, insurance carriers and state/federal WC system databases. A full economic analysis was conducted to determine the costeffectiveness of early versus delayed rehabilitation.
Methods

Patients
A consecutive cohort of 2,491 patients was initially identified as being eligible for this study, based on diagnoses for CDOMDs. All patients were admitted to a functional restoration program at the Productive Rehabilitation Institute of Dallas for Ergonomics (PRIDE), between the years of 1998 and 2005. The workers' compensation jurisdiction for this cohort is predominantly from the Texas workers' compensation system (90 %), with the remaining patients from other state workers' compensation jurisdictions, federal disability compensation systems, as well as private insurance and personal injury policies. Program participation criteria included: (1) four or more months elapsed since a work-related injury; (2) surgical and/or nonoperative care failed to improve symptoms sufficient to allow full-duty return to work; (3) surgery had not produced relief, resolution or simply was not an option; (4) severe pain and functional limitations remained; and (5) ability to communicate in English, Spanish or other translatable languages. In addition to the general program inclusion criteria, this initial cohort was subject to several exclusion criteria to provide a working cohort for the study. The following exclusion criteria apply:
• Exclusion of patients covered by the Federal Employees Liability Act (FELA) for railroad workers (N = 24, 1 % of eligible cohort), due to their nature as extreme outliers in the disability compensation system. Patients covered by FELA are a unique sub-sample that are noted for receiving significantly higher amounts of disability compensation or settlements, relative to preinjury wages, and are noted for significantly poorer outcomes relevant to the workers' compensation setting (such as return-to-work). Furthermore, due to the very small prevalence of FELA cases available in this cohort, analyzing them as a separate sub-group will not be feasible.
• Exclusion of patients covered by private insurance (N = 13,\1 % of eligible cohort), who did not receive the full course of interdisciplinary functional restoration and were only treated on an out-patient basis approximately 2 or 3 times per week, mainly with physical therapy.
• Program non-completers (N = 589, 24 % of eligible cohort) were also excluded from the study. This exclusion criterion is necessary as 1-year outcomes on program non-completers are only obtained at a contact rate of approximately 50 %. Furthermore, no details on any other treatment modalities undergone by noncompleters during the usual 1-year program outcome period are available, and would therefore prevent accurate quantification of any post-program costs and their impact on the limited amount of 1-year outcomes available on non-completers.
A matched groups design was utilized for this study. Eligible patients were divided into three groups based on length of disability. The division of the groups was based on the chronic disability phases of the developmental disability model proposed by Krause et al. [11] , as well the cohort structure utilized by Jordan et al. [12] to investigate the effect of extended disability on outcomes following functional restoration. The three groups in this study correspond to: early rehabilitation (ER: 4-8 months); intermediate duration (ID: 9-18 months); and delayed rehabilitation (DR: [18 months). The rationale for extending the duration of ER up to 8 months (as opposed to 6 months in the phase model of disability) is to take into account the time needed for recuperation from any surgery, as well as administrative time needed for insurance carrier approval for the patient's enrollment in the functional restoration program.
Matching Criteria
The three groups were matched on sex, age, ethnicity, and injured region of the body (based on International Statistical Classification of Diseases and Related Health Problems, Ninth Edition-ICD-9-codes). These factors are associated with poorer outcomes at post-treatment, such as lower return-to-work rates, lower likelihood of retaining work, and increased healthcare utilization during one-and 2-years follow-up [7, [16] [17] [18] [19] [20] [21] .
Following the application of the exclusion criteria described above, a cohort of N = 1,865 program completers remained eligible for the study. The patients were approximately equally distributed among the three groups with N = 683 (37 %), N = 608 (33 %), and N = 574 (31 %) corresponding to the ER, ID, and DR groups, respectively. The ER group was used as the index group based upon which the ID and DR groups were matched. The method of matching used was category matching [22, 23] , to ensure that all groups had a similar distribution on age, sex, injured musculoskeletal regions, and ethnicity. Computer-generated matching was utilized to match each patient in the index ER group on the selected matching variables with individual patients from the two extended disability duration groups. Figure 1 summarizes the process of matching the three groups. The final matched groups consisted of N = 1,119 patients, with N = 373 patients in each of the three groups. All three groups had exactly similar distributions on the three demographic variables, as well as the injured musculoskeletal regions of the body. It should be noted that this method of group matching, when utilized in cohort studies, reliably eliminates the confounding effects of the matched variables among the groups and on the evaluated outcomes [24] .
Procedure
All patients were enrolled in a functional restoration program. Functional restoration is an intensive, medicallysupervised interdisciplinary program, combining quantitatively-directed exercise progression with a multimodal disability management approach, incorporating psychological and case management techniques [25] . Developed in 1983, this rehabilitation process is a variant of chronic pain management based on the biopsychosocial model of pain and disability, and is specifically intended for rehabilitation of compensation injuries (i.e., those for which patients receive financial compensation while determined medically disabled). The efficacy of functional restoration for CDOMD, as well as the objective outcomes for treatment monitoring, have been extensively reviewed in the literature [13] [14] [15] [26] [27] [28] [29] .
All patients within this cohort received an initial interdisciplinary evaluation. The first phase of the program included narcotic detoxification, psychotropic medication initiation, and aerobic and mobility training. Treatment progresses to an intensive second phase involving strength and endurance training under the direction of physical and occupational therapists. Concurrent psychosocial interventions are targeted towards addressing any fear-avoidance issues, and to achieve program goals of managing pain and returning to work. At discharge, patients were provided with education geared towards maintaining program goals, instruction on home/gym exercise regimens for fitness maintenance, occupational placement services, and any necessary psychotropic or anti-inflammatory medications as part of a long-term care plan.
All data used in the present study were part of the patients' standard medical files, and therefore the study was granted exemption status by the Institutional Review Board of the University of Texas at Arlington. All patients also signed a Health Insurance Portability and Accountability Act (HIPPA) authorization prior to program participation. All information was protected by this HIPPA rule, and was confidentially maintained in the institute's database as part of ongoing quality assurance procedures.
Measures
Demographic Data and Medical History
Patient medical records were utilized to obtain all demographic data (e.g., age, sex, ethnicity), medical history (e.g., length of disability, injuries, treatment modalities), occupational characteristics (pre-injury wage, pre-FR work status, pre-injury job availability), and WC -related information (e.g., types of disability payments, attorney retention).
Psychosocial Measures and Psychiatric Diagnosis
Psychosocial measures were collected both at a pre-rehabilitation intake interview, and at the completion of the functional restoration program. Validated clinician-rated and self-report questionnaires used in this study included, the Hamilton Depression Rating Scale (HAM-D) [30] , the Million Visual Analog Scale (MVAS) [31] for measuring perceived disability, and the visual analog scale measuring pain intensity [32] . In addition, post-injury Axis I psychiatric diagnoses, based on the diagnostic and statistical manual of mental disorders, fourth edition-text revision (DSM-IV TR) [33] , were established at the pre-rehabilitation intake interview using the structured clinical interview for the DSM-IV (SCID-I) [34] , and included post-injury major depressive disorder, anxiety disorders, and opioid dependence disorder.
One-Year Socioeconomic Outcomes
One-year post-rehabilitation socioeconomic outcomes were collected using a structured telephone interview [35] . Data were also gathered from additional sources, such as employers, insurance carriers, family members, and/or attorneys. These outcomes have been consistently reported from this program, and have been shown to be reliable discriminant indicators of patients who complete the program compared to those that refuse treatment or do not complete it, with direct contact rates of 90-93 %, and with partial data obtained on 98 % for all outcomes [13, 14, 36] . 
Cost Estimation
This study takes into account healthcare costs, estimated lost productivity due to disability, indemnity costs through disability insurance systems such as state and federal workers compensation, and return to work status of the patients under study. Therefore, it takes a broad societal perspective in the estimation of costs. All cost data discussed below were adjusted to the base year of 2011 US Dollars using both the general and medical care components of the Consumer Price Index.
Pre-rehabilitation Medical Costs
Because direct pre-rehabilitation medical costs were unavailable on our patients in this study, estimates for medical costs were obtained from a 10 % random sample (N = 4,726) of unique claims, between years 1998 and 2005, from a comprehensive claims database managed by the Ohio Bureau of workers' compensation (OBWC). Medical costs included all associated costs for a workrelated injury, including surgeries, diagnostic tests, injection therapeutics, hospital costs, physical and occupational therapy modalities, chiropractic treatment, pain management, psychological services, case management services, pharmaceuticals, and costs associated with physicians' consultation, evaluation and management services. The acquisition of the dataset was based on a match of ICD-9 diagnosis codes for musculoskeletal disorders that were prevalent in the PRIDE patient population. Further refining of a comparable subset from these data was undertaken to facilitate accurate estimates of medical costs by using the category matching method to ensure that both the PRIDE and OBWC cohorts were comparable for the purpose of extracting estimates of medical costs (i.e., sex, age, length of disability, injured musculoskeletal regions, and type of surgery). Medical costs estimated in this study represent the costs reimbursed for medical care received.
Lost Productivity and Disability Benefits
The costs associated with lost productivity due to disability were estimated using the human-capital method of costing productivity [37, 38] . Specifically, this method entails multiplying the average weekly wage of the patient by the duration of time absent from work (i.e., time from injury to program admit-time working in any capacity = temporary total disability). For the costs associated with disability benefits, estimates were obtained by applying jurisdictional rules relevant to the individual WC system that patients were covered by. Specific rules for each state or federal system were obtained from an online directory of WC jurisdictions, maintained by the School of Labor & Industrial Relations at Michigan State University (http://www.lir.msu.edu/wcc/ wcid/wc_state.php). For the present study, quantifiable disability benefits included state-or federally-administered benefits associated with the Workers' Compensation system such as wage replacement benefits, lump sum settlement payments for resulting disability from the workplace injury, and impairment benefits that are associated with any permanent disability and ratings of maximum medical improvement by healthcare providers.
Rehabilitation Costs
Cost data directly associated with the functional restoration program included treatment billing hours for the program, based on current reimbursement guidelines from the Texas state WC jurisdiction. Well over 95 % of the claims in this study utilize the identical hourly treatment billing code (including almost all out-of-state claims who agree to use Texas fees). Federal reimbursement guidelines were also hourly in nature, and standardized across the three groups.
One-Year Post-rehabilitation Medical Costs
Costs incurred during the 1-year post-rehabilitation period included any new surgeries for the originally injured compensable region, and the cost of visits to new healthcare providers. These costs were estimated from the OBWC database for all costs-per-claim associated with the specific type of surgery. The cost estimate for each category of surgery included the ''all-in'' costs reimbursed by workers' compensation (that includes ancillary costs such as hospital charges, diagnostic tests, and anesthesia/surgeon's fees).
Visits to new healthcare providers during the post-rehabilitation year were estimated using a unit cost per office-based physician visit provided by the Agency for Healthcare and Research Quality (AHRQ), adjusted to 2011 dollars [39] .
Data Analysis
Tests of association were conducted based on the Pearson Chi square (v 2 ) test statistic for analyses of differences among the ER, ID, and DR groups, on all categorical variables. One-way analysis of variance (ANOVA) and analysis of covariance (ANCOVA) were conducted for analyses of differences among the ER, ID, and DR groups on continuous variables. For example, post-rehabilitation measures on the HAM-D, MVAS and pain VAS were analyzed with the ANCOVA method, using the respective baseline measures as the covariate. Both tests also included planned comparisons for linear trends across the disability duration groups. Effect sizes for all significant p values are reported consisting of: partial eta-squared (g 2 ) for all continuous variables (0.01 = small, 0.09 = medium, 0.25 = large); and Cohen's w for all categorical variables (\0.3 = small, 0.3-0.5 medium, [0.5 = large). Additionally, Dunnett's post hoc tests were conducted to compare each of the late disability duration groups (ID and DR groups) against the ER group (significance of a = .025 after controlling for Type I error). For categorical variables, a logistic regression analysis was conducted, using disability duration groups as the predictor with ER as the reference group, and a Bonferroni correction that adjusted the critical value for significance to a = .025. The oddsratio and 95 % CI was reported for all significant post hoc comparisons on categorical variables.
A full economic analysis is presented utilizing the costeffectiveness analysis (CEA) methodology recommended by the international panel on cost-effectiveness in health and medicine [40] . The analytical timeframe begins at the point of admission to the functional restoration program, and terminates at the point of data collection for the 1-year outcomes. The cost component of the CEA included the rehabilitation costs, as well as the 1-year post-rehabilitation costs. The denominator for the CEA utilized work retention (WR) at 1-year, which is an outcome relevant to the WC setting. The results of the CEA are represented as Average cost-effectiveness ratios and incremental cost-effectiveness ratios, respectively, defined by the following equations:
Incremental Ratio Group1
The average ratios indicate the cost per unit outcome of WR for each of the groups. The incremental ratio defines the cost of one additional outcome of the intervention under consideration, relative to a comparator. The group with poorer outcomes serves as the comparator to enable computation of the cost of one additional outcome of the more effective rehabilitation strategy under consideration (i.e., early versus delayed).
The non-parametric bootstrap method was utilized to generate a joint distribution of cost and outcome variables, thus providing a probability distribution of the parameter estimate for the cost-effectiveness ratios [41] . The bootstrap method is a technique used to overcome the limitations associated with the uncertainty around a single parameter estimate of the incremental cost-effectiveness ratios, and helps provide a confidence interval around the true estimate of the ratio. This method involved 2,000 samples for each of the disability duration groups, with each sample consisting of 373 observations (the sample size of each group) sampled with replacement. Per sample, the average cost-effectiveness ratio is calculated. Parameter uncertainty surrounding the average cost-effectiveness ratios were expressed using 95 % confidence intervals, and constructed using the percentile method by taking the 2.5th and the 97.5th percentile values of the resulting bootstrapped distribution of ratios. For the incremental costeffectiveness ratios, uncertainty was demonstrated using cost-effectiveness acceptability planes based on the distribution of bootstrapped estimates. Each plane described the incremental cost versus the incremental effectiveness of the ER group, relative to delayed rehabilitation groups. The probabilities associated with cost-savings (Southern Quadrants) and greater effectiveness (Eastern Quadrants) were indicated using the four quadrants of the plane. Data points appearing on the lower right-hand quadrant indicate the lower costs and greater effectiveness. Table 1 summarizes the demographic and pre-rehabilitation characteristics of the three groups. Small percentages of each group were on social security disability income (SSDI) (0-6 %) or doing ''light-duty'' work (11-16 %), with the highest percentages among DR patients. Significant differences among the groups were observed on the percentage of patients receiving pre-rehabilitation surgery for the WC claim (p \ .001). Compared to the ER group, both the DR group (OR 9.9; 95 % CI 7.0, 14.0) and the ID group (OR 4.4; 95 % CI 3.2, 6.2) were more likely to have had surgeries between injury and rehabilitation with FR. Additionally, there was a significantly decreasing likelihood of having the original job available (p \ .001) as disability duration increased. Both the DR group (OR 3.3; 95 % CI 2.5, 5.0) and the ID group (OR 2.5; 95 % CI 1.7, 3.3) were also less likely to have the original job available, relative to the ER group. Finally, increased likelihood of being on SSDI was observed (p \ .001), with the DR group being more likely to be on SSDI, relative to the ER group at pre-rehabilitation (OR 22.2; 95 % CI 3.0, 165.9). Table 2 summarizes the pre-rehabilitation psychosocial variables for three groups. Both the ID and DR groups evidenced significantly higher rates of major depressive disorder (MDD)-at approximately double the odds, relative to the ER group (p \ .001). Furthermore, significantly higher rates of post-injury opioid dependence disorder was observed for the DR group (p \ .001), relative to the ER group. Patients in the DR group were more likely to be dependent on opioids, relative to the ER group (OR 2. 
Results
Demographic and Pre-rehabilitation Characteristics
Pre-rehabilitation Psychosocial Measures
Post-rehabilitation Psychosocial Measures
At post-rehabilitation, all groups were comparable on psychosocial measures. However, a significant linear trend (p = .031) was observed for increasing depressive symptoms on the HAM-D, as disability duration increased (Table 2) .
One-Year Post-rehabilitation Socioeconomic Outcomes
All groups were comparable on the objective socioeconomic outcomes, other than a significantly decreasing linear trend (p = .049) for work retention at 1-year (Table 3) . Patients in the late rehabilitation groups were more likely to be still receiving disability benefits at 1-year post-rehabilitation. Both the ID and DR groups were significantly more likely to be receiving financial benefits (p = .003), relative to the ER group (OR 2.9; 95 % CI 1.4, 6.0; OR 3.3; 95 % CI 1.6, 6.9 for the ID and DR groups respectively). Additionally, both the ID group (OR 14.0; 95 % CI 1.8, 107.5) and DR group (OR 30.9; 95 % CI 4.2, 228.6) were also more likely to be on federal SSDI at 1-year post-rehabilitation (p \ .001). Unlike ID and DR groups, there were no ER patients entering the federal SSDI system during the post-rehabilitation year.
Total Cost of Illness
The estimated cost of illness over the entire duration of disability includes the sum of the estimated medical costs, estimated disability benefits, estimated productivity losses, and the costs associated with the analytical timeframe of the functional restoration program (program costs ? 1-year post-rehabilitation costs). Table 4 summarizes the estimated total cost of illness associated with this cohort. Relative to the DR group, the average savings in medical costs over the duration of disability was $54,912 (or approximately 64 % in costs saved) when rehabilitation is administered within 4-8 months post-injury. In a comparison of the ID group to the ER group, the average savings over the duration of disability amount to $14,694 or approximately 32 % in costs saved. The cost of accrued disability benefits can be potentially reduced by 80 % ($32,816), when early rehabilitation is administered, relative to allowing the duration of disability to be prolonged beyond 18 months. With respect to the ID group, potential savings in disability benefits are 60 % ($12,346), if rehabilitation is administered early within 4-8 months post-injury. Similarly, the costs of lost productivity can be reduced by 80 % over the duration of disability when comparing the DR group to the alternative of early rehabilitation as demonstrated by the ER group. For the ID group, savings in productivity losses correspond to 55 %, relative to the ER group. In terms of the costs over the duration of the functional restoration program, savings of 43-56 % ($8,257-$14,156) are indicated for early rehabilitation, relative to late rehabilitation. Finally, in terms of the total cost of illness across the disability duration groups, a savings of 72 % ($167,075) was indicated for early rehabilitation, relative to the DR group. For the ID group, potential savings in total costs over the duration of disability correspond to 45 % ($55,304) if rehabilitation is administered early within 4-8 months post-injury.
Cost-Effectiveness of the Functional Restoration Program
The average costs per unit outcome of work retention can be defined as the costs incurred to return a patient to work and having them retain it at 1-year. Figure 2 summarizes the probability of the bootstrap estimates within each quadrant of the incremental cost-effectiveness planes accompanying each comparison. These values represent the probability of a given strategy (i.e., early versus delayed rehabilitation) being cost-effective, based on the distribution of the bootstrapped estimates along the four quadrants of the plane. Specifically, the probability of the intervention being cost-saving in comparison with the comparator is given by the distribution of bootstrapped data points located in the South-East Quadrant and the South-West Quadrant, whereas the probability of greater effectiveness (expressed in percentage of work retention at 1-year) is given by the distribution of bootstrapped data points located in the North-East Quadrant and South-East Quadrant. Overall, the probability distribution indicated that either strategy of earlier rehabilitation (4-8 months, and 9-18 months) were likely to be cost-saving and more effective than delayed rehabilitation beyond 18-months of disability.
Discussion
Overall, the present study provides preliminary evidence on the societal costs accrued as a result of prolonged disability following a work-related injury, and the potential cost-effectiveness of administering early interdisciplinary The average cost, nevertheless, masks the substantial amount of costs incurred by the small minority of patients who persist with chronic disability [2, 3] . Within this context, early functional restoration was also associated with significantly lower rates of medical utilization of surgical procedures, both in terms of overall rates as well as in terms of the number of surgical procedures per patient. Readers who are unfamiliar with the WC claim setting may assume that patients in the ID and DR groups had more complex injuries or needed surgeries or other non-interdisciplinary interventional procedures, and therefore were ''self-selecting'' into those groups. However, that assumption would be correct only in a small minority of cases. While many factors may cause patients to move into ID and DR groups as defined in this group of chronic pain patients, the predominant reasons include primarily psychosocial issues or those associated with the indecisiveness created by national treatment guidelines and attendant disputes over treatment [43] , rather than physiological findings [44] . Some of the critical factors include: (a) lengthy disputes over diagnostic tests, surgery or other treatments; (b) financial ''secondary gain'' on patient's part, causing resistance to work return and case resolution; (c) disputes over disability between insurance carriers and attorneys; (d) patient ''doctor shopping'' and opioid use in response to perceived treatment failure; (e) ''pain prone patients'' with high perception of pain/disability, often with fear-avoidance beliefs; (f) terminated employment causing patients not to have work to return to, or pain limiting physical reconditioning leaving patients unable to perform heavy jobs. While there are many other factors involved in developing chronic pain patients, these predominate in this and similar populations, and ultimately are much more about a Biopsychosocial Model, than about severity of injury or complex surgery. In terms of outcomes following treatment, the functional restoration program resulted in comparable 1-year socioeconomic outcome rates independent of disability duration studied here, consistent with a previous study on the impact of disability duration on socioeconomic outcomes [12] . However, early rehabilitation in this patient population may potentially prevent or mitigate the development of complex psychosocial barriers to treatment, including depression, narcotic dependence, and complex sequelae of comorbid psychopathology, as demonstrated by the higher prevalence rates of DSM-IV Axis I disorders such as major depressive disorder and opioid dependence disorder in the late rehabilitation groups. Attention to early predictors and risk factors for disability and further healthcare utilization have received increased attention recently [45, 46] , and may potentially play a role in reducing the likelihood of prolonged disability if addressed within an interdisciplinary-oriented early rehabilitation program.
Despite comparable 1-year socioeconomic outcome rates among the three groups, a greater proportion of costshifting out of the WC system, and towards federal disability benefits on SSDI (Social Security Disability Income), was observed for both the late rehabilitation groups. Although the vast majority of patients across the three groups had their WC claim closed during the 1-year post-rehabilitation period (97-99 % in this cohort), this metric masks the incurring of additional indemnity costs that perpetuate ''disability'' outside the WC system. It should also be noted that federal disability costs are not a stand-alone entity, but are likely accompanied by further productivity losses due to the injured worker not returning to an active occupational status, the entitlement to Medicare provided 2 years after SSDI acquisition, and the distortion of the true under-65 unemployment rate by these unbudgeted federal transfer payments [47] .
Finally, the economic evaluation provides preliminary evidence for early interdisciplinary rehabilitation of patients persisting with disability [4 months. For each comparison corresponding to the incremental cost-effectiveness ratios of the disability duration groups, the probability of cost-savings and greater effectiveness was presented in incremental cost-effectiveness planes [48] . As would be expected from the negative ratios reported, the ER group demonstrated greater association with cost-savings compared to both ID and DR groups, and overall more effective relative to the DR group. The present study also departed from the traditional model of cost-effectiveness analysis utilizing self-reported quality of life measures. Considering that the WC system provides an opportunity for measuring objective outcomes directly linked to resource use, greater emphasis was placed on more objective outcomes, such as occupational status and healthcare utilization, rather than commonly used patientreported outcomes. In this regard, early work by Loisel et al. [49] has explored the use of the number of days disabled as the effectiveness component in comparing several treatment options as part of a cost-effectiveness analysis. The various stakeholders and decision makers within the Workers' Compensation setting emphasize the importance of resuming an active occupational status. Therefore, a re-definition of effectiveness measures unique to the Workers' Compensation setting should be formulated as part of the theoretical framework addressing the application of economic evaluation methods to issues related to occupational disability.
Given the nature of this study, there are some obvious limitations in terms of the availability of data as well as the design of the study. Estimates of disability benefits were not all-inclusive, specifically on the costs of social security disability insurance (SSDI) or any private disability benefits like short-term disability (STD) and long-term disability (LTD). Only the presence or absence of these indemnity payments was noted in patient records. An additional source of cost data not available for inclusion was the costs of any prescription medications utilized during the 1-year post-rehabilitation period. A further limitation involved the design of the study, in that it was not a randomized controlled trial (RCT), thus preventing any inferences of causality. Even at the outset of injury, it will be impossible to a priori randomly assign patients into disability duration groups. A prospective matched groups design was best suited to explore the research question of interest in this study (i.e., the effect of disability duration on both the treatment-and cost-effectiveness of a functional restoration program, with outcomes collected prospectively at 1-year post-treatment). Despite matching the groups on demographics and type of compensable injury (as defined by the ICD-9 codes), there are of course prognostic factors (e.g., psychosocial barriers such as major depressive disorder and opioid dependence) that differ among the groups, and that could potentially raise concerns about confounding by indication due to inherent differences in the duration of disability among patients in the three groups. It should be noted that it is virtually impossible to match for a priori or statistically adjust post hoc for such factors since prolonged disability, by its nature, is defined by greater psychosocial disorders [50] . While the results cannot ascertain causality on the impact of disability duration on cost and outcomes following functional restoration, it does provide evidence of associations that should be subject to more controlled research.
A final limitation of this study is that the cohort consists of only program completers. Such an exclusion criterion may result in two potential confounders in this study, namely, introducing a selection bias among the disability duration groups, and risk of overestimating the true effect of early rehabilitation relative to the delayed rehabilitation groups. However, inclusion of non-completers is not possible for three main reasons. Firstly, 1-year socioeconomic outcomes are available only on a limited number of noncompleters, at a contact rate of approximately 50 %. This will complicate cost-effectiveness calculations utilizing return to work and work retention outcomes as well as 1-year cost estimates based on some of the 1-year outcomes, like visits to healthcare providers and new surgeries. Finally, program non-completers also constitute a separate population of patients that present at pre-rehabilitation with a unique set of psychosocial barriers to recovery that differentiate them from program completers. These different characteristics include elevated rates of Axis II DSM-IV disorders, increased medico-legal barriers to recovery, and significant amounts of secondary gain issues related to relationship with the employer [36, 51, 52] . For these reasons, it should be noted that the true effect sizes on outcomes and cost-effectiveness of early rehabilitation may be more modest if it were possible to include non-completers in the study.
In conclusion, the data provide preliminary evidence on the cost-effectiveness of early interdisciplinary rehabilitation between 4 and 8 months post-injury. If this early intervention cannot be offered, providing interdisciplinary functional restoration during the intermediate duration (ID) length of disability is more cost-effective than delaying until patients are more than 18-months disabled. These findings are consistent with the general principle, now widely accepted in the WC claim literature, that one of the ''first principles to avoid delayed recovery'' is critical in enhancing cost-effectiveness of care for acute and chronic musculoskeletal disorders. Despite several limitations, this study does provide a snapshot of the economic impact due to extended durations of disability.
